Introduction
============

Gastric cancer incidence has been decreasing and the rate of complete recovery is increasing due to early detection and treatment. However, gastric cancer is still a frequently occurring cancer in Korea and is ranked second in terms of cancer mortality \[[@B1]\]. Although the global incidence of gastric cancer is decreasing gradually, gastric cancer will still display an absolute increasing trend until 2050 \[[@B2]\].

Factors contributing to the development of gastric cancer include hereditary and endocrinological, immunological, and environmental factors including diet \[[@B3]\]. Studies on nutrition and gastric cancer have suggested the relevance of dietary factors. Certain habits including smoking and drinking have been associated with the outbreak of gastric cancer \[[@B4]\]; and sufficient intake of fresh vegetables, fruits, and nutrients such as carotene, vitamin E, vitamin C and selenium, known as anticancer nutrients, lower the risk of gastric cancer \[[@B5]\]. In contrast, frequent consumption of meat \[[@B6]\] and foods with high salt content increase the risk for gastric cancer \[[@B7]\].

Studies assessing food and nutrient intake of local residents \[[@B8]\] and comparing certain patients against control groups in terms of diet \[[@B9]\] were actively conducted in the 1990s, and the early 2000s in Korea. Since then, studies have been carried out mainly on various nutritive conditions. However, there are an insufficient number of studies on dietary habits of different populations in comparison to countries where gastric cancer incidence is high. Additional intake of salt by 1 g daily increases gastric cancer incidence by approximately 18%, but the same result was not produced in a number of cohort studies \[[@B10]\]. Pham et al. \[[@B11]\] concluded that excessive dairy products in the diet lowers gastric cancer mortality only in males. A new study by Kim et al. \[[@B12]\], which compared Korean and Japanese populations, suggested that only the consumption of fermented beans increases gastric cancer incidence. Thus, fundamental studies need to be conducted continuously to prevent overlooking the causes of gastric cancer based on dietary factors that are already known.

Following a gastric cancer operation, the nutritive intake goals of a patient is set by analyzing the nutritive conditions, size of meals, and dietary balance of the patient prior to the operation. An overall assessment of diet quality is necessary together with a determination of excessive or insufficient supply of individual nutrients rather than simply identifying the dietary habits of the patient. However, related studies have not been conducted targeting patients with gastric cancer.

Accordingly, this study evaluated the nutrition intake and diet quality by surveying the daily dietary habits and food intake of patients with gastric cancer before a gastric cancer diagnosis. The dietary differences between men and women were also analyzed.

We attempted to establish desirable nutritional intake guidelines by assessing the preoperative dietary condition of the patients to aid in the management of their postoperative nutrition.

Subjects and Methods
====================

Subjects and period
-------------------

A total of 948 patients were hospitalized and underwent surgery following a diagnosis of gastric cancer at Soonchunhyang University Hospital Bucheon from January 2003 to December 2010. In total, 812 patients with gastric cancer who received sufficient explanation of the objectives and methods of this study (in accordance with the Institutional Review Board) and who provided informed consent to participate in the study were included. Information on patients were entered prospectively in The Gastric Cancer Patient Registry of the research institute, and some of these data were used in this study. All investigations were made based on daily diets without any changes in food intake or dietary habits caused by the gastric cancer diagnosis. All data were classified by gender (562 men and 250 women) and were analyzed accordingly.

Contents and methods
--------------------

### Anthropometric measurements

Patient weight and height were measured using an automatic body composition analyzer (Biospace In-body 3.0, Seoul, Korea) and their body mass index (BMI) was calculated. Triceps skin fold thickness (TSF) was measured using a large skin fold caliper (All-Tech Medical, Cleveland, OH, USA). A tape measure was used to measure the thinnest part between the ribs and pelvis while the patient was standing up for the waist measurement.

### Dietary habit and nutrient intake survey

A self-reported questionnaire was used to examine the dietary habits of the patients with items focusing on appetite, meal regularity, skipping meals, eating speed, alcohol intake, smoking, exercise and taste preferences.

Skilled clinical nutritionists interviewed patients using photographs of food items and a booklet containing eye measurement data as aids for the nutrient intake survey. Data on dietary intake amount were collected using the 24-hr recall method and were analyzed with the CAN program (The Korean Nutrition Society, ver. 3.0).

### Diet quality assessment

The nutrient adequacy ratio (NAR) and mean adequacy ratio (MAR) were calculated to assess the appropriateness of nutrient intake by patients. Nutrient density (ND) was calculated by standardizing the nutrient intake per 1,000 kcal based on the individual\'s intake amount. The index of nutritional quality (INQ), a comparison of the patient\'s nutrient intake against 12 nutrients, in which the required amounts are set by the Dietary Reference Intakes for Koreans, was analyzed. The dietary variety score (DVS) was calculated to examine the patient\'s dietary diversity. The food items consumed were categorized into five food groups (grain and starch, meat and poultry, vegetables, milk, fruits). The dietary diversity score (DDS) was investigated by giving a score of 1 point each to an intake of the minimum amount or higher out of a total score of 5.

NAR = nutrient intake of an individual/recommended dietary allowance (RDA) of the nutrient

MAR = sum of the nutrient adequacy ratio (NAR) for each nutrient/number of nutrients

INQ = amount of nutrients in 1,000 kcal/RDA in 1,000 kcal

Statistical analysis
--------------------

Means and standard deviations were calculated using SPSS software program ver. 18.0 (SPSS, Inc. Chicago, IL, USA). Frequency per item, significance between discontinuous frequencies, and a comparison of the results between genders were analyzed using the frequency test, χ^2^-test, and the unpaired *t*-test, respectively. A *P* \< 0.05 was considered significant.

Results
=======

Characteristics of the target subjects and anthropometric measurements
----------------------------------------------------------------------

The general characteristics of the study targets are summarized in [Table 1](#T1){ref-type="table"}. Of the 812 patients, the male to female ratio was 69.2:30.8, indicating that male patients were more than twice females. The average age was 57.6 yr and 35.2% of the subjects were ≥ 65 yr. The average height, weight, and body mass index (BMI) were 162.5 cm, 62.0 kg, and 23.5 kg/m^2^, respectively, indicating significant differences between males and females. BMI distributions corresponding to underweight, normal, and overweight were 5.8%, 44.8%, and 49.4%, respectively, which indicated that most patients were of normal weight or were overweight prior to the operation. The average waist measurement and TSF were 85.2 cm and 14.9 mm. These measurements were significantly higher in males than those in females.

Dietary habit
-------------

The results of the investigation into dietary habits and lifestyle are summarized in [Table 2](#T2){ref-type="table"}. A total of 42.1% and 50.1% of participants responded that their appetite was good and average before the operation, respectively. Approximately 56% responded that their meal intake was irregular. Although irregularity was more severe in females, no significant difference was observed between genders. As many as 46.6% responded that they skipped meals. The rate of skipping meals was 55.3% in males and 27.2% in females, indicating a significantly lower rate of skipping meals in females. Approximately 42% responded that they skipped breakfast, which was the meal most often skipped. For eating speed, 46.7% responded that their eating speed was fast. The habit of eating fast was reported by 53.2% of males and 32.0% of females. The rates of alcohol intake and smoking were significantly higher in males than those in females. Surprisingly, 88.8% responded that they did not exercise, which was similar in males and females.

As for taste preference, 41.3% of the respondents liked a salty taste. A large difference in taste preference was observed between genders, as 51.8% of males and 17.6% of females responded that they liked salty taste. The results of sweet taste preference by gender was the reverse of the above. A spicy taste was liked by 69.4% of males and 56.4% females, whereas 42.9% of males and 61.2% of females responded that they liked a sour taste. The preference for salty and spicy tastes was higher in males than those in females, whereas the preference for sweet and sour taste was higher in females than those in males. These results indicated significant differences in preferences for salty, spicy, sweet, and sour tastes between genders. About 39% of all respondents disliked a bitter taste, and no significant difference was observed between genders.

Nutrient intake
---------------

Nutrient intakes derived through the patient diet are analysis of all target are shown in [Table 3](#T3){ref-type="table"}. The average calorie intake was 1,949.1 kcal, and the intake amounts of protein, fat, sugar, and fiber were 75.3 g, 50.8 g, 282.3 g and 15.9 g, respectively. With the exception of fiber, the intake of nutrients was significantly higher in males. Intake of calcium, phosphorous, iron, and salt was significantly higher in males than those in females. The intake of potassium and zinc was higher in females than those in males. The intake of vitamin B~1~, vitamin B~2~, vitamin B~6~, niacin, and vitamin C was higher in males than those in females, whereas the intake of vitamin A, retinol, carotene, folic acid, and vitamin E was higher in females than those in males. Significantly different amounts of nutrients ingested between genders were seen for vitamin A, retinol, carotene, vitamin B~1~, vitamin B~2~, niacin, and folic acid. The average cholesterol intake was 235.1 mg, and males consumed a significantly higher amount than that in females.

Diet quality
------------

### NAR and MAR

The results of comparing the NAR and MAR per nutrient are shown in [Table 4](#T4){ref-type="table"}. Most nutrients produced values of 0.7-0.9. NAR and MAR of phosphorous and iron were significantly higher in males than those in females. The values for vitamin A were lower in males than those in females. The MAR for males was 0.83 and for females it was 0.79, which was a significant difference. Nutrients ingested that were lower than the MAR were calcium, vitamin A, vitamin B~1~, and vitamin B~2~ for males and calcium, iron, and vitamin B~2~ for females.

### ND and INQ

ND and the INQ of male and female patients are shown in [Tables 5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}. In males, there were no nutrients in which the ND was significantly higher. In females, the ND of fiber, calcium, potassium, zinc, vitamin A, retinol, carotene, vitamin B~6~, vitamin C, folic acid, and vitamin E were higher than those in males. No significant differences were observed between gender for the other nutrients. The INQ of zinc, vitamin A, vitamin B~2~, vitamin B~6~, and folic acid were higher in females than those in males. The INQ was higher in males than that in females for the other nutrients. Qualitatively significant differences were observed between males and females in terms of their calcium, zinc, vitamin A, vitamin B~2~, and folic acid intake. Six nutrients of males and three of females had an INQ ≤1.0. The ND of females was higher than that in males and the intake of nutrients more closely complied with the Korean average requirements in females.

### DVS and DDS

The results of the DVS and DDS are shown in [Table 7](#T7){ref-type="table"}. The average DVS was 16.67. The DVS was 17.63 for females and 13.19 for males, indicating that females had more variety in their diet. The average DDS was 3.68. This result also indicated that females had a higher diversity of food in their diet than that of males.

Discussion
==========

The dietary habits, nutrient intake, and diet quality of patients with gastric cancer were investigated, and the results were compared between genders. According to the Nationwide Gastric Cancer Report 2009 conducted by the Korean Gastric Cancer Association \[[@B13]\], the male to female ratio for gastric cancer incidence has increased gradually from 1.67:1 in 1999 to 2.03:1 in 2009. The male to female ratio among target patients was 2.25:1, indicating that gastric cancer incidence is higher in males than that in females. The average age of a patients with gastric cancer reported by the Nationwide Gastric Cancer Report 2009 \[[@B13]\] was 58.9 yr, which was similar to the 57.6 yr found in the present study. A study conducted by Yang et al. \[[@B14]\] in 1993 reported that the average BMI of patients with gastric cancer was 20.6 kg/m^2^. It appears that the BMI of patients with gastric cancer has been increasing annually, as a recent study by Jo et al. \[[@B15]\] in 2010 reported that the average BMI was 23.3 kg/m^2^, which was almost the same as the BMI of 23.5 kg/m^2^ found in the present study. In Japan, where gastric cancer incidence is high, BMI has been increasing gradually as a result of improvement in overall physical condition of patients. The average BMI of Japanese patients before the operation increased from 20.8 kg/m^2^ in 1971 to 22.6 kg/m^2^ in 2001 \[[@B16]\]. BMI is a key factor among the nutritional evaluation indices and is widely used as an indicator to express the degree of obesity. Yoshikawa et al. \[[@B17]\] reported that the incidence of postoperative complications, and mean blood loss of an obese group were significantly higher than those of a normal group. Murphy et al. \[[@B18]\] reported that underweight patients experience delays in recovery of their nutritive condition after a surgical operation and that overweight patients with a BMI ≥ 30 kg/m^2^ have a high incidence of complications. Therefore, it is very important to maintain a normal BMI in patients with gastric cancer. In this study, 44.8% of patients had a normal weight and 49.4% were overweight or obese. The BMI distribution was similar in male and female patients.

A number of studies \[[@B8],[@B9]\] have reported the relevance of an irregular meal schedule and the habit of eating fast on gastric cancer outbreak. In this study, the rates of irregular meal intake, skipping meals, and eating fast were 55.7%, 46.6% and 46.7%, respectively. As a whole, dietary habits of males were poorer than those of females. The increased risk of developing gastric cancer with alcohol intake is explained by the carcinogenic effects of acetaldehyde, a product of alcohol metabolism \[[@B19]\]. A cohort study by Steevens et al. \[[@B4]\] reported that consuming 30 g of alcohol daily is highly relevant to the incidence of gastric cancer and that there were differences between gender and the type of alcohol consumed. In the present study, 89.3% of males and 16.8% of females drank alcohol, indicating a large difference between genders. Smoking, one of the more important factors contributing to cancer deaths, is a widely known risk factor for gastric cancer. Smoking in the past or at present has strong relevance to gastric and esophageal cancer \[[@B4]\]. A study by Shin et al. \[[@B3]\] reported that the smoking rate among patients with gastric cancer was 63.8%, which was significantly different from the 49.7% in the control group. In our study, the overall smoking rate was 60.0% and there was a significant difference between genders. The smoking rate among males was 81.7% and that in females was 11.2%. A cohort study conducted in Europe \[[@B20]\], reported that physical activity, among dietary and health-related factors, had no relevance on the outbreak of gastric cancer. In the present study, only 11.2% of target patients exercised regularly and no difference between genders was found. It may be necessary to emphasize the importance of wholesome dietary habits to prevent gastric cancer, particularly among Korean males,.

Continued intake of salty and spicy flavors can irritate the stomach wall and increase the risk of developing gastric cancer. In particular, salty food increases the risk of gastric cancer in men more than that in women by 1.1 times \[[@B10]\]. In our study, 51.8% of males and 17.6% of females responded that they preferred a salty taste, indicating a large difference between genders. The preference for spicy taste was \> 50% in both genders. A large number of studies have been conducted about gastric cancer and taste preferences. However, none have quantitatively investigated the amount of preferred type of food consumed, as affected by the preference for a particular taste, in relation to gastric cancer. It may be meaningful to pursue a study on the effect of limiting the intake of salty or spicy food items on gastric cancer incidence.

The average calorie intake of patients in this study was 1949.1 kcal. Males consumed approximately 500 kcal more than that of females. This was similar to the 2,076.0 kcal reported by Suh et al. \[[@B8]\] in Korea. Referring to the estimated calorie requirements of 2,200 kcal for males and 1,800 kcal for females aged 50-64 yr, as specified in the 2010 Dietary Reference Intakes for Koreans \[[@B21]\], a patient\'s daily caloric intake in this study was appropriate for males, but slightly lower for females; although the difference was not large. The average protein intake was 75.3 g, which was higher than the recommended intake of 50 g for males and 45 g for females. The average intake of calories and protein were similar compare to the 2008 Korean National Health and Nutrition Examination Survey \[[@B22]\]. The average fiber intake was 15.9 g. Fiber intake by females was significantly higher than that by males. Fiber intake was very low when compared to the recommended intake of 25 g for males and 20 g for females. Bravi et al. \[[@B23]\] reported that high fiber intake lowers gastric cancer incidence by 0.47 times. In particular, that study reported that insoluble and soluble fiber lower gastric cancer incidence by 0.39 and 0.50 times, respectively. They also reported differences according to the type of food item, such as vegetables, fruits and cereals, as a source of dietary fiber. Even if the nutritive conditions for minerals are satisfactory before an operation in patients with gastric cancer, their conditions may deteriorate, as overall nutritive condition become poorer after the operation due to insufficient meal intake, weight loss, and loss of appetite. In addition, intake of minerals through the diet can also change. Therefore, it is recommended that patients with gastric cancer and an inferior mineral balance before after an operation must be actively treated \[[@B24]\]. The total calcium intake was 476.2 mg, which was much lower than the recommended intake of 700 mg. Intake of phosphorous and iron were in excess of the recommendation. Additionally, the average intake of calcium, phosphorus, and iron were lower than the result of the 2008 Korean National Health and Nutrition Examination Survey \[[@B22]\]. The average amount of Na intake was 5937.4 mg per day. Male patients took in 6,488.5 mg per day which was higher than that of females, and was almost three times the recommended intake of 2000 mg. This result was also higher than the result of the 2008 Korean National Health and Nutrition Examination survey \[[@B22]\]. Therefore, lowering of Na in the diet must be strongly emphasized. Intake of sodium by both men and women was higher in comparison to the Korean average intake. Vitamin C, carotene, vitamin E, selenium, falconoid and leucopenia are widely known antioxidant nutrients that can help in preventing gastric cancer \[[@B18]\]. Compared to the 2010 Dietary Reference Intakes for Koreans \[[@B21]\] the intake of vitamin A, vitamin B, vitamin C, niacin, and vitamin E by the study patients was slightly insufficient. Carotene, falconoid, and vitamin E, contained in fresh vegetables and fruits, suppress carcinogenic substances and prevent them from converting to mutable substances in the gastro-intestinal tract. The intake of green and yellow vegetables by patients with gastric cancer in Korea is generally low \[[@B9]\]. Cholesterol has been tagged as a factor in the development of gastric cancer, colon cancer, rectal cancer, lung cancer, breast cancer, renal cancer, and gall bladder cancer \[[@B25]\]. In particular, as the level of cholesterol intake increases, so does the risk of prostate cancer \[[@B25]\]. In this study, cholesterol intake by males was 246.0 g, which was significantly different from the 198.5 g by females. These results were higher than the 191.9 mg reported by Suh et al. \[[@B8]\]. Eating is a process that supplies all nutrients needed by the body, and numerous diseases can be prevented by a balanced diet \[[@B26]\]. Effort must be exerted to achieve balanced intake of all nutrients to maintain satisfactory nutritive conditions after a surgical operation as well as to prevent gastric cancer. A balanced diet should include an appropriate amount of protein with fiber, vitamins and minerals from vegetables and fruits, and a limit on salt and cholesterol intake.

Various tools were used to analyze diet quality to evaluate the typical daily nutrition and the food intake status of patients diagnosed with gastric cancer prior to surgery. The MAR of subjects was measured as 0.82. Significant difference was found between men (0.83) and women (0.79). Nutrients below MAR included calcium and vitamins A, B~1~ and B~2~ for men and calcium, iron, and vitamin B~2~ for women. Phosphorus and iron were significantly higher in men than those in women, whereas vitamin A was low; thus, showing a difference according to nutrient. Nutrient density, which is a measure of nutrition intake per 1,000 kcal, reports individual calorie intake variations. According to the results, had presented a significantly lower intake of most nutrients, in particular anti-oxidative nutrients, such as fiber, zinc, vitamin, and folic acid than that of men. Thus, greater emphasis must be placed on intake of food products that possess high densities of the above nutrients. In addition, according to the INQ analysis, which was performed as a qualitative assessment of nutrients excluding the effect of calories, the INQ value was \< 1 for calcium and vitamins B~1~ and B~2~ among women and calcium, zinc, and vitamins A, B~2~, B~6~, and folic acid among men. By comparing the nutrients that were significantly different by gender, it men had significantly higher INQ values in calcium and vitamin B~2~, whereas women showed significantly higher values in zinc, vitamin A, and folic acid. Based on these results, the quantitative increase in the diet and sufficient intake of deficient nutrients must be achieved in both men and women. The DVS and DDS were analyzed to assess diet diversity. DVS is based on the fact that various nutrients can be absorbed in meals as provided by a large number of food products. Previous results indicate that the number of absorbed food products and the diversity of food products are both significantly higher in women than those in men. Thus, the assessment of diet quality showed gender differences according to the tools used in this study and continuous research must be conducted to gain accurate results. Diet quality investigations have been conducted on a variety of targets, and Studies are being conducted on diverse diseases centering on metabolic syndrome \[[@B27]\], diabetes \[[@B28]\], atopic dermatitis \[[@B29]\], and Parkinson\'s disease \[[@B30]\].

The limitations of this study are as follows. This study surveyed preoperative daily dietary habits and nutrition intake of patients with gastric cancer who were in need of surgical treatment, and because there was no control group, it was difficult to draw definite conclusions on factors having a direct effect on gastric cancer occurrence. Nevertheless, as there have been few studies on the preoperative daily food intake of patients with gastric cancer in contrast to the various studies that have been conducted on postoperative nutritional condition, it is necessary to survey patient preoperative daily nutrition intake and evaluate their typical daily diet quality to develop a desirable postoperative dietary management program.

This study showed that male patients had more undesirable dietary habits and had more unbalanced nutrition intake than those of females. Accordingly, adequate nutrition management is necessary for both men and women to prevent cancer, and the importance of education on healthy dietary life should be emphasized particularly for men. In addition, evaluations should be made continuously to prevent poor preoperative nutrition from continuing postoperatively, and this effort should be supplemented by an analysis of various aspects of the case including age and pre/post/intra operative factors.

This study was supported in part by the Soonchunhyang University Research Fund.
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